Background: This trial evaluated the effectiveness of an integrated intervention program that included a 3-to-5-minute nurse counseling session, copay relief cards, and a monthly newsletter on adherence to atorvastatin treatment. Methods and results: A prospective, integrated (composed of nurse counseling, adherence tip sheet, copay relief card, opportunity to enroll in 12-week cholesterol management program) randomized interventional study was designed involving patients .21 years of age who were prescribed atorvastatin at a large single-specialty cardiovascular physician practice in Illinois from March 2010 to May 2011. Data from the practice's electronic medical record were matched/ merged to IMS Health's longitudinal data. A total of 500 patients were enrolled (125 in the control arm; 375 in the intervention arm). After data linkage, 53 control patients and 155 intervention patients were included in the analysis. Results: Mean age was 67.8 years (control) and 69.5 years (intervention); 67.9% and 58.7%, respectively, were male. The mean 6-month adherence rate was 0.82 in both arms. The mean proportion of days covered for both the new-user control and intervention groups was the same, averaging 0.70 day (standard deviation [SD], 0.27 day); for continuing users, the proportion of days covered for the control group was 0.83 (SD, 0.24) and for the intervention group was 0.84 (SD, 0.22). For continuing users, the control group had mean persistent days of 151.6 (SD, 50.2) compared with 150.9 days (SD, 50.9) for the intervention group. New users had fewer persistent days (control 111.4 days, SD, 69.6 days; intervention 112.0 days, SD, 58.8 days) compared with continuing users. The Cox proportional hazards model of the risk of discontinuation with index therapy was not significantly different between the intervention and control groups (hazard ratio 0.83, P = 0.55).
Introduction
Heart disease is the leading cause of death for men and women in the United States, and the predominant etiology is coronary artery disease. Atorvastatin (Lipitor ® , Pfizer Inc. New York, NY, USA) is a highly efficacious lipid-lowering agent that acts as a competitive inhibitor of 3-hydroxy-3-methylglutaryl-CoA-reductase. 1 Primary and secondary prevention studies have shown that the use of 3-hydroxy-3-methylglutarylCoA-reductase inhibitors (statins) in patients with coronary artery disease reduces recurrent events and mortality. and rate of stroke. 4, 5 In addition, its efficacy has been confirmed in a variety of populations. [6] [7] [8] However, the beneficial effects described above may only be realized if patients take their medicines as prescribed by their health care practitioner (ie, adhere to treatment); unfortunately, adherence to these medicines is modest at best. 9, 10 Several studies have shown that adherence to statins decreases to 50% by 12 months after the initial prescription, 11, 12 although some evidence suggests that adherence to atorvastatin may be higher than it is for other statins. 13 For medications across a wide range of disease areas 15%-20% of new prescriptions are never filled, 20%-35% of patients who do fill the first prescription fail to fill a second, and adherence continues to decline rapidly throughout the first 3-6 months of therapy. 14, 15 More specifically, statin persistence in older patients  65 years of age, declines over time, with the greatest drop occurring in the first 6 months of treatment. 16 Multiple barriers to taking medicines have been described by the World Health Organization and others, the most common being forgetfulness. Others include lack of knowledge, fear of adverse events, psychological factors, and cost. Intervention strategies that integrate counseling, emotional support, and cost sharing are motivational and have been shown to improve adherence. [17] [18] [19] [20] [21] [22] [23] The objective of this study was to describe and evaluate the effectiveness of an integrated intervention program on patients' adherence to statin therapy, using atorvastatin as a specific example.
Methods
This was a randomized, prospective study that involved patients who were prescribed atorvastatin at Prairie Heart Cardiovascular Consultants, Springfield, ILL, USA, that performs diagnostic catheterization, angioplasties, implants, and heart surgeries. Ten practicing physicians (all board-certified cardiologists, some of whom are interventionalists, and others noninterventionalists) participated, on the basis of their total clinic volume and clinical research interest. Patients who met the study criteria (described below), and were prescribed atorvastatin by a participating physician after study initiation, whether they were considered new or returning practice patients, were eligible to enroll into this trial.
Eligible patients were randomized using a telephone randomization system to one of two groups: an intervention group and a control group (with a patient ratio of 3:1 intervention:control). All patients randomized to the intervention group were provided adherence counseling from a nurse(via a 5-10-minute discussion), and an adherence tip sheet. Patients in the intervention group were also given the opportunity to enroll in the My HeartWise™ Program, 24 a 12-week guide to managing cholesterol (included monthly mailing of educational materials). The practice physicians also had the discretion to provide eligible patients in the intervention group with a copay relief card (usable with commercial payers, not Medicare). The control group received usual care, with no additional adherence counseling or tip sheet.
Data source
Data for this study was sourced from the practice's electronic medical record system and was matched and merged to IMS Health's (Plymouth Meeting, PA, USA) longitudinal (LRx) data. The matching process was based upon patient name, gender, mailing address, and date of birth. This generated a de-identified database that was used for the study's analyses. The IMS LRx database covers 65% of all retail prescriptions in the United States and includes mail service and specialty pharmacy provider prescriptions. In this database, the de-identified patient, pharmacy, and prescriber can be tracked, as well as all dispensed prescriptions independent of the method of payment. Prescription records are collected directly from pharmacies, which provide encrypted patient identifiers, compliant with Health Insurance Portability and Accountability Act privacy regulations.
Sample selection
The target sample was enrolled in the study from March 2010 through May 2011. The period of analysis for each patient was 180 days from the first fill date of the index atorvastatin prescription (index date) to the end of the study. All subjects enrolled met the Lipitor physician prescribing information for atorvastatin and were entered into the trial at the physician's discretion. All subjects had to satisfy inclusion criteria to be considered eligible for participation by one of the ten participating physicians of the practice's study team: (1) be older than 21 years of age and, on the basis of clinical assessment by his or her physician, a candidate for statin therapy; (2) have received a first prescription for atorvastatin after study initiation at the practice, including patients who were new to the practice and returning practice patients (new versus continuing atorvastatin patients were deciphered by requiring claims activity 6 months before and after the index date); and (3) provide a personally signed and dated informed consent document indicating that the participant (or a legally acceptable representative) had been informed of all pertinent aspects of the study. Patients were excluded from the study if they were unwilling to participate As one of the main objectives of the study was to calculate the adherence to atorvastatin after study enrollment, both the PDC and medication possession ratio (MPR) during the 180 days from the patient's index date were used in the analysis. The PDC was calculated as the total number of days with the medication on hand during the 180 days from the index date divided by the total number of days in the study period (180). If the patient filled a prescription near the end of the study period that extended beyond the study period, the data for this patient was censored at that point. For example, if a patient filled a 30-day prescription on day 160, only 20 days' supply of that prescription (ie, up to day 180) was used in the numerator to calculate PDC. Mean PDC was reported overall and for the intervention and control groups. The MPR was defined as the number of days on medication after study enrollment divided by the number of days between the first fill and the last refill plus the days supply of last refill. The MPR for up to 180 days after the index date was computed: If the last refill in the study period provided supply that lasted beyond 180 days after the index date, the supply of that refill was truncated at day 180 postindex in calculating the MPR. Calculation of the MPR required that the patient had at least two medication fills. If the patient had evidence of only a single fill, the MPR was set to zero.
Both PDC and MPR were dichotomized into a categorical "adherent/not adherent" variable. Patients were defined as adherent if their PDC/MPR  80%; all others were classified as nonadherent. The proportion of patients who met this criterion was reported overall and for the intervention and control groups. Exploratory logistic regressions were performed using the adherent or nonadherent categorization as the dependent variable (adjusted for demographic and baseline characteristics), to explore variables that were important in predicting adherence for both intervention and control patients. Parameter estimates and P-values were reported for each covariate modeled.
Persistence was measured as the number of days a patient was supplied with medication before experiencing a gap in medication 30 days. Mean and median days of persistence were reported for the intervention and control groups. Persistence was compared between the control and the intervention groups using a time-to-event Cox proportional hazards model, adjusted for the same demographic and baseline characteristics used in the logistical regression analyses of PDC and MPR.
Results
The study initially included 500 patients (125 control patients and 375 patients who received the adherence intervention). After matching with the LRx database, 97 controls and 319 intervention patients remained eligible for analysis. However, only 93 controls and 300 intervention patients actually had any LRx claims available for analysis during the study window. Of this group, 57 controls and 180 intervention patients had an atorvastatin prescription after enrollment in the study, which served as the index date. After applying the study requirement of claims activity 6 months before and after the index date, only 53 controls (seven new users [first atorvastatin prescription after randomization] and 46 continuing users [evidence of atorvastatin prescription within 6 months prior to randomization]) and 155 intervention patients (14 new users and 141 continuing users) remained eligible for analysis ( Figure 1 ). Table 1 provides the descriptive data around the baseline demographic and clinical characteristics for both the control and intervention cohorts. Among the control group, the average age was 67.8 years, compared with 69.5 years for the intervention group. Most of the control group (58.5%) was submit your manuscript | www.dovepress.com Dovepress Dovepress 65 years of age or older; similarly, 65.2% of the intervention group was older than 65 years of age. The sex distribution was predominantly male for both groups (67.9% of the controls and 58.7% of the intervention group). Most patients (67.9% of the controls and 70.3% of the intervention group) were in "commercial" or "other" insurance plans.
Patient demographic and clinical characteristics
At the index date, the control population was taking an average of 7.8 unique prescriptions, as compared to 7.1 for the intervention group. Along the same lines, the control group filled an average of 32.8 prescriptions (for any medication) in the 6 months prior to the index date, whereas the intervention group filled an average of 26.2 prescriptions. Targeted clinical characteristics for the study cohorts also are presented in Table 1 . The two groups were similar with respect to their pre-enrollment clinical variables. A prior CV event was identified in 98.1% of the controls and 85.2% of the intervention group in the preindex period. Control patients received more antidiabetic (control 30.2%; intervention 28.4%) and antihypertensive (control 96.2%; intervention 94.2%) medications compared to intervention patients. 
Adherence
Adherence to index therapy was measured using both PDC and MPR ( Figure 2A shows the overall adherence (PDC) over time of both the control and intervention groups, up to 12 months postindex. For the control group, the mean PDC decreased from an average of 0.89 (3 months postindex) to 0.73 (12 months postindex); this decline was almost exactly matched in the intervention group, going from 0.91 (3 months postindex) to 0.74 (12 months postindex). Not all study patients had 12 months of follow-up for this analysis, and these were censored at the end of followup (the control group had 33 patients, and 101 remained in the intervention group). Similarly, the percentage of patients who were considered to have good adherence (PDC  0.80) decreased from 84.9% (3 months postindex) to 60.6% (12 months postindex) in the control group and from 82.6% (3 months postindex) to 58.4% (12 months postindex) in the intervention group ( Figure 2B ). 
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After adjusting for baseline demographic and clinical characteristics, there was no significant difference in PDC with index therapy between the two patient cohorts (odds ratio = 1.03 for intervention versus control; P = 0.95) ( Table 3) . Patients aged 65-74 years (as compared with patients aged 18-54 years) with a prior CV event or history of hypertension were less likely to be adherent to index therapy over 6 months, whereas males, patients aged 55-64 years or 75+ years (as compared with the patients aged 18-54 years), and patients with a history of diabetes were more likely to be adherent over the 6-month postindex period. The same logistic regression model with MPR as the dependent variable yielded similar results (odds ratio = 1.14 for intervention versus control; P , 0.75). Patients aged 65-74 years (as compared with patients aged 18-54 years) and with a history of hypertension were less likely to be adherent to index therapy over 6 months. Patients who were male, aged 55-64 years or 75+ years (as compared with patients aged 18-54 years), with a prior CV event, or with a history of diabetes were more likely to be adherent over the 6-month postindex period.
Persistence Table 2 provides the descriptive data for persistence with the index therapy over the 6-month postindex period. Index atorvastatin patients who were deemed continuing users had more persistent days over the 6-month postindex period compared with new users. For continuing users, the control group had mean persistent days of 151.6 (SD, 50.2) compared with 150.9 (SD, 50.9) for the intervention group. The new users had fewer persistent days (control 111.4 days, SD, 69.6 days; intervention 112.0 days, SD, 58.8 days) compared with the continuing users.
The Cox proportional hazards model of the risk of discontinuation with index therapy (Table 3) did not show a significant difference between the intervention and control groups after adjusting for baseline demographic and clinical characteristics (hazard ratio 0.83, P , 0.55). Patients aged 65-74 years (as compared with patients aged 18-54 years) or with a history of hypertension were at greater risk for discontinuing their index therapy, whereas males and patients aged 55-64 years or 75+ years (as compared with patients aged 18-54 years), with a prior CV event, or with a history of diabetes were at a lower risk of discontinuing index therapy.
Discussion
This trial was designed to evaluate the effectiveness of an integrated intervention program (nurse counseling, Abbreviations : PDC, proportion of days covered; n, number; SD, standard deviation; MPR, medication possession ratio. 
Dovepress
adherence tip sheet, copay relief card, option to enroll in My HeartWise TM Program) on patients' adherence to statin therapy, using atorvastatin as an example. Our findings indicate that both the control and intervention groups were quite similar (no inferential statistics were conducted) -both groups were from a relatively sick population exhibiting polypharmacy behavior (at least 85% of each group had a prior CV event). Most patients who had one, two, or three atorvastatin prescription refills during the study period obtained a 90-day supply (data not shown). In general, adherence and persistence for both the control and intervention groups were essentially the same, regardless of whether PDC or MPR was used as the outcome of interest. These unadjusted results were further validated by the findings of the logistic regression and Cox proportional hazards models, which did not indicate a significant difference among the cohorts of interest. As the control group's adherence was initially high, there was little room for improvement as a result of the intervention. In addition, the large number of continuing users and the level of treatment patients received at this particular cardiology practice group could explain the high adherence rate observed in this study, which in turn could partially explain the lack of a significant impact due to the intervention. The literature confirms that new users often exhibit lower adherence rates as compared with continuing users. 13 In a recent retrospective database analysis of treatment-naïve hyperlipidemia patients, 65% of patients were considered nonadherent (PDC = 0.33). 25 The overall cost of medication nonadherence to the health care system is staggering. Between one third and two thirds of medication-related hospital admissions are linked to poor adherence. 9 Total cost estimates for nonadherence amount to at least US$300 billion a year. 26, 27 Some general reasons for nonadherence include the patient being unconvinced of the need for therapy and/or its effectiveness, medication side effects, difficulty with regimen administration, forgetfulness, and out-of-pocket costs. As such, adherence interventions seek to directly address some, if not all, of these barriers. Evidence suggests that effective interventions combine education, motivation, support, reminders, and rewards, as a successful program must be delivered by a trusted source, be personalized to the patient's situation, reinforce medical need and expected outcomes, segment and target at-risk populations, and reinforce and reward initiation and maintenance. [28] [29] [30] Some interventions directed at patients with hypertension have resulted in an improvement in adherence or clinical outcomes. Two such studies of complex intervention programs, involving provision of care at the worksite, special pill containers, counseling, reminders, self-monitoring, support groups, and feedback and reinforcement, reported such positive effects. 31, 32 Another study tested a telephone-linked computer system for monitoring and counseling hypertension patients. When adjusted for age, sex, and baseline adherence, patients using the telephone-linked computer system demonstrated a greater improvement in medication adherence than did those 33 A previous systematic review of adherence interventions concluded that all interventions that were effective for long-term care were complex (including combinations of more convenient care, information, counseling, reminders, self-monitoring, reinforcement, family therapy, and other forms of additional supervision or attention); even so, the most effective ones did not lead to large improvements in adherence and treatment outcomes. 33 Finally, the relative cost-effectiveness of adherence interventions should be taken into consideration when designing and implementing adherence-improving programs. 34, 35 There are several limitations that are worth noting here. The reader should be aware that both the patients and clinicians were not blinded to the study. The frequency with which discount cards were given to control patients was not tracked. However, because many of the patients were older than 65 years of age, the impact of discount cards was likely limited, as Medicare patients did not qualify to receive them. Although inferential statistics were not provided, the demographic profiles of the two cohorts were a bit disparate. The number of new users was small compared with the number of continuing users, an issue that should be taken into consideration when interpreting the findings (as a general guide, studies with a single intervention group and a control group need to include at least 60 participants per group if they are to have at least 80% power to detect an absolute difference of 25% in the proportion of patients judged to have adequate adherence). 33 In addition, one should consider that perhaps 180 days of follow-up was not sufficient to identify a meaningful difference between the two cohorts. Regarding the data source, LRx does not track mail order prescriptions; as such, patients who may have been excluded due to lack of atorvastatin claims may have filled their prescriptions via this channel. In addition, administrative/pharmacy claims do not address whether or not the patient filled the prescription that was written for a particular medication, nor do they reveal the actual underlying barriers to adherence.
Conclusion
This study suggests that the impact of an integrated program including nurse counseling, copay relief cards, and a monthly newsletter did not significantly improve atorvastatin adherence relative to usual care in the studied patient population. Because adherence and persistence may be affected by numerous factors, including comorbidities and economic conditions, further evaluation of differences in adherence and persistence among the patients may be warranted.
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